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Geometry of the supercells used for adsorption energy calculations
where "total" denotes the PAH adsorbed on the slab, "slab" is the bare slab, and the "PAH" is the free PAH molecule. In such definition, a more positive value indicates a stronger binding of PAH. 
Analysis of interactions between the bands on metal surfaces and the orbitals on PAHs
In this section, we investigate the detail interactions between metal bands and orbitals on PAH through the change of projected density of states (PDOS) on the surface Rh atoms and the carbons of the PAH. We take naphthalene-bridge [7] on Rh(111) surface as an example. The PDOS of naphthalene shown in Figure S1 indicates that the highest occupied orbital (HOMO) and the lowest unoccupied orbital (LUMO), which are all the conjugated π-orbitals, are all formed by the p z orbitals. After adsorption, Figure S1 shows that the PDOS on p z orbitals are broadened, while the orbitals formed by p x , p y and s orbitals barely change. On Rh atoms, only the PDOS on s orbitals and d z2 orbitals change. It indicates that the adsorption bonds are mainly formed by hybridising the conjugated π-orbitals, metal s-orbitals and metal d z2 -orbitals, which results in the electron transferring from both the metal atoms and the conjugated π-bonds to the adsorption bonds. This interpretation is supported by the geometric expansion of the PAH molecule structures upon adsorption. For example, our results show 6% increase of the area of naphthalene upon adsorption on Rh(111) surfaces. The mechanism of the PAH adsorption agrees to previous analysis of the adsorption of both benzene and naphthalene [1] [2] [3] . The resulting net charge transfer between metal surfaces and PAHs represented by Bader charge are also listed in Table S4 for an indication of the PAH-M chemical bond formation. 
Summary of the coefficients of the adsorption energy model
Where the coefficients, ℎ , and − , are respectively the energy contribution of the non-chemical bonding interactions and the formation of η 1 -coordinations. The energy contributions of η 2 -coordinations are represented by the gE M-C with a g factor represents the ratio between the contribution from each M-C bonds involved in η 2 -cooordination and that from the M-C bonds of the η 1 -coordinations. The n ph equals to the number of rings contacting the surface. The linearity, measured by linear correlation coefficient and maximum absolute error, are also listed in Table S5 to show that our model is general for different PAHs on different M(111) surfaces. The correlation between the g factor and the lattice mismatch is depicted on Figure S2 . 
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The geometries of the free and the adsorbed naphthalene and phenanthrene molecules.
In Table S6 and Table S7 , we summarised the geometries of the free and the adsorbed naphthalene and phenanthrene molecules. The results indicate that the bond length of the bonds in the free molecule and those in the adsorbed molecule are not correlated. Table S8 and Table S9 summarised 
